Abstract
Introduction
Calculating a mixture of salts ('recipe') to generate exact solutions of complex ionic solution mixtures is required for at least 2 types of problems-
Formulating Relevant Ecological/Biological Ionic Solutions
Reconstructing the ionic composition of ecological and biological fluid samples such as those from a specific lake, soil, cell, tissue, or organ requires a method to determine the type and concentration of salts to use to formulate the recipes. Some examples of studies that attempted to reconstruct these types of compositions include fresh water lakes [1] , in vitro growth and production of the glycoalkaloid solamargin [2] , micropropagation of yellow passion fruit on a medium based on analysis of healthy young leaves [3] , soil solution-based microbial culture medium [4] , conifer suspension medium based on seed composition [5] , micropropagation of hazelnut on a medium based on seed composition [6] , in vitro rooting of the carob tree on a medium based on leaf composition [7] , micropropagation of Galanthus species on a medium based on bulb composition [8] , micropropagation of Persian walnut on a medium based on in vitro explant composition [9] , micropropagation of almond, Prunus dulcis, based on the mineral composition of raw almond kernels [10] , shoot organogenesis of Eucalyptus dunnii based on the mineral composition of young stump shoots [11] . No examples were found where the resulting recipe reconstructed the composition precisely. A well-documented example of the difficulty of formulating complex ionic solutions is the study of Angle et al. [4] , who reported the development of a growth medium based on the ionic composition of a soil solution representative of "loamy agricultural soils with a neutral pH". They explain that most culture media formulations for culturing soil organisms "do not resemble the environment from which the microorganisms were isolated", and this creates the possibility that "both genetic and phenotypic properties of microorganisms growing on these media may be different from those of the same microorganisms growing in soil. " Their extensive manipulations to recreate the soil solution are well-described, but the soil solution was only approximated, not recreated. The authors stated, "Although this medium is a much better approximation of the composition of the soil solution than previous media, concentrations of several ions deviate from those in the soil solution more than we had hoped. "
Design of Ion Confounding-Free Experiments to Determine IonSpecific Effects
Determining the effects of specific ions such as NO . Because the treatments in ion-based experiments are various combinations of ions, each treatment requires a recipe of the salts necessary to achieve these combinations. Recipes are required to actually setup the experiment. Constructing these recipes "by hand" is quite difficult and probably why nearly all reports on the effects of specific ions use salts, and consequently exhibit ion confounding.
For example, a recent paper by Krishnasamy et al. [14] tried to determine the effects of K + and Na + on four wheat cultivars that varied in their differential productivity on sodic and Kdeficient soils. The objective was to improve K fertilization on these soils based on the K-use efficiency of the cultivar. The study varied the 2 salts KCl and NaCl to determine the specific effects of K + and Na + . This approach confounded the effects of K + and Na + with those of Cl -( what can be determined from this type of study? The two salts are the independent factors so the main effects of KCl and NaCl, and their interaction, KCl x NaCl, can be determined. The study compares salts, not ions. The conclusions of the study about the specific effects of K + and Na + may be true, but such conclusions cannot be derived from the experiment. Unfortunately, unlike this study, many studies provide insufficient or unclear information needed to deconstruct the treatments into their ion compositions [15, 16] . Designing an experiment to determine the effects of K + and Na + requires varying only K + and Na + and holding constant all other ion levels. Including various anions as factors or components would extend the experiment. This paper describes the utility, validation, and availability of an ion solution calculator, ARS-Media for Excel that uses "Microsoft Excel" to generate recipes of salts that, when dissolved, result in the complex ion mixtures specified by the user.
Materials and Methods

ARS-Media for
Excel uses "Microsoft Excel (2013)" (herein referred to as Excel) to solve Eq (1) to generate recipes of salts for complex ion mixtures specified by the user.
where c is a known weighting coefficient, and X is the unknown amount of an individual salt,
where a are known coefficients of ion proportionality for each salt X that contributes an ion defined by the target ion concentration b; a non-negative constraint ensures positive values. Eq (1) results in a list of the type and amount of salts to achieve the exact ion concentrations specified by b. ARS-Media for Excel provides the universality and convenience of a spreadsheet but with additional functionality compared to an earlier Window-based, ARS-Media, desktop application [12] . The added functionality is a result of "Microsoft Excel's" Solver Add-in program (Frontline Systems, USA) and its more extensive set of options. For example, forcing Eq (1) to include specific salts at specified concentrations in the final recipe is now possible. The calculations of using Eq (1), with examples, is described in detail by Niedz and Evens (2006) [12] . The spreadsheet is formula-based and uses no macros because they sometimes conflict with institutional IT security systems. ARS-Media for Excel is free and available by download, along with 
Utility and Validation
The utility of ARS-Media for Excel is that it solves 2 problems common in experimental biology, 1) formulating relevant ecological/biologicalionic solutions, and 2) design of ion confounding-free experiments to determine ion-specific effects. An example of using ARS-Media for Excel to solve each of these problems is provided. Formulating relevant ecological/biologicalionic solutions. An exact formulation of the soil solution that Angle et al. [4] attempted to construct, as described above, was calculated using ARS-Media for Excel. The ion values entered into ARS-Media for Excel are those listed in Table 1 of the Angle et al. [4] paper ( Table 2) .
Design of ion confounding-free experiments to determine ion-specific effects. To illustrate the use of ARS-Media for Excel for ion experimentation, an experiment free of ion confounding to determine the specific effects of K + and Na + on the growth of a Valencia sweet orange nonembryogenic cell line was conducted.
Tissue Source
A nonembryogenic cell line of Valencia sweet orange was developed and maintained as described [18] (Fig 1) . Briefly, the line was subcultured every 30 days onto MT medium [19] supplemented with 1-μM 2,4-dichlorophenoxyacetic acid (2,4-D), 1-μM 6-benzylaminopurine (BA), and 100 mg l −1 casein hydrolysate. MT medium includes the inorganic salts of MS medium [20] . ), provided by coolwhite fluorescent lamps, constant 27°C, and a 4-h photoperiod.
Experimental Design
The experiment was a 2-component quadratic mixture design with D-optimal point selection ( Table 2 ). Mixture designs vary the proportion of the components but fix the amount. Thus, the approach was to determine the effect of substituting K + with Na + on fresh weight growth of a nonembryogenic cell line of Valencia sweet orange. The final design included 13 points (3 model, 2 lack-of-fit, and 8 replicates to estimate pure error) and was sufficient to model a quadratic polynomial. One response was measured, fresh weight growth. The initial amount of tissue cultured onto each dish was approximately 0.68 g (± 0.07 S.D.). The tissue was cultured for 14 days, the final weight measured, and the fresh weight growth calculated as the percent increase over the initial culture weight. Six culture dishes were used to estimate the response, as an average, at each treatment design point (Table 1) . Thus, the experiment utilized a total of 78 culture dishes (13 treatment design points x 6 dishes per design point). A polynomial model and ANOVA were generated. Model adequacy tests were conducted as described by Anderson and Whitcomb (2005) [21] and included an analysis of the normal probability plot of studentized residuals to determine if data transformation was required. Data transformation was not required. The statistical software used was Design Expert1 9 (Stat-Ease, Inc, Minneapolis, MN).
ARS-Media for Excel calculated the recipes for the 5 unique formulations (3 model and 2 lackof-fit points) that comprised the experiment. The mM ion levels for each of the 5 formulations used in the design (Table 3) were entered into ARS-Media for Excel and recipes calculated using Excel's Solver function (Table 4) , and Co 2+ were added to each formulation using the salts and amounts used for MS medium.
Results
Formulating Relevant Ecological/Biological Ionic Solutions
Using ARS-Media for Excel to solve for the combination of salts to construct a recipe for the specified soil solution (Table 5 ) resulted in a formulation ( Table 6 ) that exactly achieves each of the soil solution ion levels ( Table 5 ). The ARS-Media for Excel solution is exact. 
Design of Ion Confounding-Free Experiments to Determine Ion-Specific Effects
Tissue was harvested, weighed, and the difference between the final and initial fresh weights calculated to determine the percent increase in fresh weight. The ANOVA revealed significant linear and quadratic effects ( Table 7) . The plotted response surface shows a sharp reduction in fresh weight at 0 mM K + / 23.2 mM Na + (Fig 2) , revealing that for in vitro growth of this tissue Na + cannot completely substitute for K + , a result consistent with the view that Na + can only substitute for K + for certain nonspecific functions [22] . From 5.9 mM K + / 17.3 mM Na + to 23 mM K + / 0.2 Na + the response is essentially flat, indicating 1) Na + can partially substitute for K + and 2) a threshold where Na + cannot completely substitute for K + .
Discussion
ARS-Media for Excel addresses two common problems in experimental biology. The first is how to exactly formulate ionic solutions of ecological/biologicalrelevance. These types of . Understanding the substitution of K + with Na + is of practical importance as a potential tool to address the increasing problem of soil salinity, crop production, and the differential nutritional needs of plants and animals for Na + [22] . However, experiments to determine the effects of K + with Na + on plant growth are generally confounded. To the best of my knowledge, this seemingly simple experiment represents the only example of an experiment free of ion-confounding to quantify the effects of K + and Na + that are free of the confounding influence of co-varied ions. Designing experiments free of ion confounding should either confirm and/or clarify current knowledge of an ion's effects, or reveal new and possibly unexpected effects, particularly those related to interactions, synergies, and antagonisms. The two problems are not mutually exclusive but are closely related. After formulating an ecological/biologicalionic solution the next logical step is to determine the ions in the solution that have the largest effects on an organism's growth. One example is to first formulate a water body where toxic algae blooms regularly occur followed by ion-based designs determine the extent to which mineral nutrients affect the growth of toxic algae species. A second example is developing in vitro growth media based on the ionic composition of a "healthy" cell/tissue/ organ/plant. Ion-based experiments would use the ionic composition to construct and orient the design space.
Calculating salt recipes without using the linear programming algorithm described by Eq (1) is extremely difficult and, for practical purposes, not possible, and salt recipes generated "by hand" are only rough approximations of the target ion levels [4] . ARS-Media for Excel makes these calculations trivial, thus making these types of experiments possible. Designing experiments based on ions is almost nonexistent in the literature but is necessary to understanding what the ions effects, and more importantly, their interactions with other ions. This type of information would complement well the current advances in molecular biology and omics.
